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Abstract 
Distribution of superconducting properties among metal hydrides was investigated using state-
of-the-art computational simulation techniques. We proposed a search rule for high-TC metal-
hydrogen systems based on analysis of electronic structure of atomic s, d, f-orbitals. Results of 
actinides and lanthanides study show that they form highly symmetric superhydrides XH7-9 at 
relatively low pressures. However, actinides do not exhibit high-temperature superconductivity 
(except for Th-H system) and should not be considered as materials appropriate for experimental 
studies, as well as all d
m
-elements with m > 4 including metal hydrides of the precious elements. 
A refinement rule based on monotonic behavior of the maximum achievable critical temperature 
as a function of d+f electrons, maxTC(Nd+f), was proposed for already known materials. Using 
this rule, the reported TC values for the higher hydrides in K-H, Zr-H, Hf-H and Ti-H systems 
were corrected. The dependences of maxTC on the group number, period, pressure, and phase 
composition of hydrides were investigated. Developed model enables to make new targeted 
predictions relating to existence of new superconducting compounds. For Mg-H, Sr-H, Ba-H, 
Cs-H, Rb-H, we predict the existence of new high-TC phases XHn with n ≥ 10. Electron doping 
of H-sublattice by pressure-driven delocalization of d,f-electrons is suggested as the key factor 
for determining superconductive properties of polyhydrides.   
Graphical abstract: 
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Introduction 
 
Recent progress in the field of experimental synthesis and measurements of superconducting 
properties of H3S 
1
, H3Se (105 K at 135 GPa) 
2,3
, Si2H6 (79 K) 
4
, LaH10+x 
5
, FeH5 
6,7
, UH7 
8
, 
CeH9 
9
 together with theoretical predictions of LaH10 
10
, ThH10 
11
, and AcH10 
12 
call forth the 
topicality of the issue of distribution law for superconducting metal hydrides along the 
Mendeleev’s table. In our recent study of Ac-H 12 system, we have determined that the majority 
of high-temperature superconductors based on the metal hydride systems belongs to the region of 
s-d elements (mainly d
0
 and d
1
). One of the factors causing abnormally strong electron-phonon 
interaction of superconducting hydrides in a d-belt is the fact that the difference between 
energies of s-metal (and s-H) and d-metal orbitals becomes smaller (“orbital lability”) and more 
sensitive to local deformation of crystal structure caused by the phonon propagation as the 
pressure increases. 
In the present work, we pay special attention to the practical application of the “orbital lability” 
idea together with the minimization of a number of d, f-electrons in order to find new 
superconducting hydrides in those systems which have not been studied yet. We focused 
basically on the maximal value of the critical temperature achieved among all compounds of 
every X-H system and all their allotropic modifications at all pressures. We considered 
maxTC = f(P, XnHm) function which is a function of a number of s, d, f-electrons on the valence 
orbitals. To describe the behavior of f(P, XnHm) function depending on the P, NH, Nd,f  we drew 
maxTC-Nd,f, maxTC-P, maxTC-NH diagrams. We corrected the maxТC values for already studied 
systems located close to the d-belt using the monotonicity properties of the maxTC(Nd,f) function 
and confirmed the corrected values by explicit ab initio calculations.  
 
 
Results and discussion 
Period 4. K–Ca–Sc–Ti–V–Cr 
Systems from the first part of period 4 of the Mendeleev’s Table were studied earlier and the 
main results of the studies are presented in Table 1 and Figure 1. The maxTC (see Figure 1) starts 
from the K-H system with TC of 60 K for KH6. Increase of the valence electron number 
maximizes the maxTC function (see Figure 1) with the TC = 235 K for CaH6. Further increase of 
valence electrons leads to decrease of maxTC(Nd): 163 K (ScH9) – 7 K (TiH2) – 71 K (VH8) – 
37 K (CrH3). It should be noted that titanium has the [Ar]3d
2
4s
2
 electronic configuration with 
only 2 d-electrons, which slightly differs from the Sc belonging to the “lability belt”. 12 We 
assume that the increase of d-electron number in the Sc-Ti-V-Cr raw should lead to reduction of 
TC with maxTC(Ti-H) > maxTC(V-H) > maxTC(Cr-H).  
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Hydride  
(Pressure, GPa) 
max TC, K 
[reference] 
KH6 (166) 70 
2
 
CaH6 (150) 235 
2
 
ScH9 (300) 163 
13
 
TiH2 (0) 6.7 
14
 
VH8 (200) 71.4 
15
 
CrH3 (81) 37.1 
16
 
Table 1. Previously predicted or synthesized 
binary hydrides with maximal critical 
temperatures   
Figure 1. Function maxTC (Nd) for Period 4 
 
Sharp drop of the maxTC for Ti-H system indicates a lack of data on possible superconducting 
hydrides and requires additional investigation. We performed a computational search for new Ti-
H phases using variable-composition evolutionary algorithm USPEX 
17–19
 at different pressures 
(50, 100, 150, 200 GPa). The most promising phase in the respect of hydrogen content is found 
to be P21/c-TiH14 which is stable at 200 GPa. In spite of the fact this phase has quite low 
symmetry compared to other metal hydrides, it features good superconductivity (see Supporting 
Information): λ = 0.81, ωlog = 1063 K, TC (Allen-Dynes) = 54.2 K. Thus, the additional 
investigations allow us to predict new titanium polyhydride and make the maxTC(Nd) function 
smoother, without abrupt minimum at Nd = 4, which decreases monotonically with the increase 
of Nd (see dotted line in Figure 1). Initially low value of maxTC(Nd) at Nd = 4 was used as an 
indication of the possibility to find a new hydrogen-rich phase with higher TC.  
Taking into account the fact that the 3d-shell begins to be filled with electrons starting from Sc, 
we assumed that pressure rise will lead to convergence of s- and d-orbital energies. Thus, the 
formation of higher polyhydrides in the potassium and calcium systems KHn, CaHn with n > 6 
(e.g. n = 10, 12…) may occur. To prove this idea we carried out additional search for stable 
hydrides in the K-H and Ca-H systems at different pressures (see Table 2 and Table 3).  
 
Table 2. Predicted stable phases in 
K-H system 
Pressure, 
GPa 
Stable phases 
50 
Imm2-KH11 
Pm-3m-KH 
Cm-KH9 
Cmcm-KH5 
 
150 
Immm-KH10 
Immm-KH12 
Pm-3m-KH 
Cmcm-KH5 
C2/m-KH2 
 
Figure 2. Convex hull for K-H system at 150 GPa.  
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Our calculations bring new information on the previously considered K-H and Ca-H systems. 
2
 
We used a generalized gradient approximation within the Perdew-Burke-Ernzerhof functional, 
20
 
which includes 3s
2
3p
6
4s
1
 electrons implicitly. We predicted that Cmcm-KH5 will displace 
Immm-KH6 (Ref. 
2
) from the convex hull at 150 GPa.  Interestingly, Imm2-KH11 features 
semiconducting properties with a band gap of 2.03 eV at 50 GPa. Thus, the superconducting 
properties were studied only for Immm-KH10 and Immm-KH12 metallic polyhydrides. Immm-
KH10 has the highest parameters of electron-phonon interaction among all K-H phases (see 
Supporting Information): λ = 1.34, ωlog = 1301 K, TC (Allen-Dynes) = 147.7 K, while for Immm-
KH12 λ = 1.41, ωlog = 951 K, TC (Allen-Dynes) = 116.7 K. Obtained results correspond to the 
general rule of reduction of TC when the hydrogen concentration exceeds the optimal 
concentration. 
Predicted stable phases in the Ca-H system are shown in Table 3. Comparison of our results with 
the results obtained in Ref. 
21
 shows presence of new lower hydrides among the already known 
phases at pressure range 0-200 GPa and namely      -Ca3H4, I4/mmm and Cmcm-CaH4, 
     and Pm-CaH, C2/m-Ca2H, formation of which can partially explain the experimental 
results announced by Somayazulu et al. 
22
. We found also new metal polyhydrides C2/m-CaH12 
and C2-CaH18. Calculations of their superconducting properties show that C2/m-CaH12 (λ = 2.16, 
ωlog = 1074.4 K, TC (Allen-Dynes) = 206.3 K) has the maximal value of TC, while C2-CaH18 
features lower values (λ = 1.45, ωlog = 699.1 K, TC (Allen-Dynes) = 88.7 K) at 150 GPa. 
Obtained values are lower than those for      -CaH6 
21
 and meet the idea of TC decrease with 
the increasing of hydrogen content (CaH12 → CaH18) over the optimal concentration.  
Table 3. Predicted thermodynamically stable phases of Ca-H system. 
Pressure, GPa Stable phases Pressure, GPa Stable phases 
0 Pnma-CaH2 
150 
     -CaH6 
P1-CaH6 
C2-CaH18 
C2/m-CaH12 
I4/mmm-CaH4 
P63/mmc-CaH2 
C2/m-Ca2H 
Pm-CaH 
50 
I4/mmm-CaH4 
P63/mmc-CaH2 
    -Ca3H 
     -Ca3H4 
100 
 
Pm-CaH2 
I4/mmm-CaH4 
C2/m-CaH8 
   -CaH14 
     -Ca3H4 
   -Ca12H 
200 
C2-CaH18 
     -CaH6 
Cmcm-CaH4 
Imma-CaH2 
P6/mmm-CaH2 
     -CaH 
 
Thus, additional variable-composition evolutionary search for stable phases in the K-H and Ca-H 
systems shows the existence of polyhydrides with compositions that are typical for d
1
- and d
2
-
elements, which confirms the suggestion that s-electrons of metals and hydrogens interact with 
energetically close d-orbitals under pressure. We predicted new polyhydrides for titanium and 
potassium with higher critical temperature than that one known before.  
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Period 5. Rb–Sr–Y–Zr–Nb–Mo–Tc 
Metal-hydrogen systems from the first part of period 5 were studied previously 
23–26,10
 (see Table 
4), but the information on superconducting properties of Rb-H and Mo-H phases was not found. 
System Rb-H and RbH9-RbH14 hydrides (at 250 GPa) were studied by J. Hooper et al. 
27
, but, 
authors did not touch superconductivity.  Artificially constructed SrH10 
26
 at 300 GPa displays 
high EPC parameters: λ = 3.08, ωlog = 766 K, TC = 259 K. This fact indicates about the possible 
presence of high-temperature superconductors in Sr-H system. Values of the maxTC function for 
other elements from period 5 decrease from 323 K (YH10, 250 GPa) to 11 K for TcH2 (see Figure 
3). However, this function is not monotonic, because previously found only stable zirconium 
monohydride (ZrH) displays low maxTC (ZrH) = 10 K. This value is too low for electronic 
system of Zr[Kr]4d
2
5s
2
, which is close to a record value for YH10 and previously studied Th-H 
system showing the maximal TC of 221 K. Taking into account a low number of valence d-
electrons we performed the complex investigation of superconducting properties of Zr-H phases 
with variable-composition evolutionary search for new stable compounds.  
 
As a result, we predicted a series of novel polyhydrides at different pressures. The convex hull 
for Zr-H system at 150 GPa is shown in Figure 4. Among all predicted stable phases a    -ZrH16 
is the most promising from superconducting point of view (see Table 5). This hydride is 
structurally close to the titanium hydride P21/c-TiH14. We calculated the EPC parameters for 
predicted ZrH16 which are found to be λ = 1.19, ωlog =852.3 K, TC (Allen-Dynes) = 88.4 K. 
Calculated values are significantly higher than predicted values for ZrH (TC = 10 K 
25
). Taking 
into account new data on ZrH16, a new function maxTC(Nd) with monotonic behavior was 
reconstructed (see Figure 3). Thus, the general rule of monotonic reduction of maxTC(Nd) 
receives yet another confirmation.  
Hydride  
(Pressure, GPa) 
max TC, K 
[reference] 
SrH10 (300) 259 
26
 
YH10 (300) 323 
10
 
ZrH (120) 10 
25
 
NbH4 (300) 38 
23
 
TcH2 (200) 11 
24
 
Table 4. Previously predicted or synthesized 
binary hydrides with maximal critical 
temperatures.  
 
Figure 3. Function maxTC (Nd) for Period 5. 
 
Pressure, GPa Stable phase 
150 
    -ZrH 
Pm-Zr6H17 
P42/nmc-Zr2H5 
Cmma-ZrH2 
P1-ZrH3 
   -ZrH16 
Table 5. Predicted stable Zr-H 
phases at 150 GPa 
 
Figure 4. Convex hull for Zr-H system at 150 GPa. 
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In the case of Nb-H system the reason of relatively small maxTC (compared with V-H and Ta-H) 
may lie in s→d electron regrouping. Typically s1 alkali metals have lower TC than s
2
 alkali earth 
metals and s→d electron transfer clearly leads to double losses in superconductive properties: 
from increasing of number of d-electrons and from decreasing of number of s-electrons. 
Anyway, Nb-H system must be re-examined in terms of searching for higher hydrides of the 
composition NbH6-9 which should have TC from 40 to 90 K (see Forecast, Supporting 
Information).  
 
Period 6. Cs–Ba–La–Hf–Ta 
Cesium polyhydrides were theoretically investigated by A. Shamp et al. 
28
 and several probably 
stable phases, like CsH7 and CsH16 at 150 GPa, were found. However, superconductivity 
parameters were not calculated.  In the Ba-H system the maximal value of TC = 31-38 K belongs 
to the BaH6 at 100 GPa, 
2
 while for LaH10 the maximal value of was predicted to be 286 K at 
210 GPa. 
10
 After the maximum a sharp decline of maxTC occurs down to 13 K for Hf-H system 
(HfH2) at 260 GPa, 
12
 while for the tantalum hydride Fdd2-TaH6 was predicted as a 
superconductor with TC = 136 K at 300 GPa. 
29
 Hafnium has [Xe]4f
14
5d
2
6s
2
 electronic 
configuration with two d-electrons where the only deep lying fully filled f-shell may negatively 
influent the superconducting properties of Hf-H phases. Obtained “failure” in the maxTC(Nd) 
dependence at the Nd = 4 indicates about the presence of new stable polyhydrides in Hf-H 
system with higher TC. 
Follow-up investigation of the Hf-H system shows the existence of novel hafnium hydrides, 
namely, Amm2-Hf3H13 at 100 GPa with λ = 1.10, ωlog = 497.1 K, TC (Allen-Dynes) = 43.3 K and 
C2/m-HfH14 at 300 GPa with λ = 0.93, ωlog = 1144 K, TC (Allen-Dynes) = 75.9 K.  
Table 6. Predicted stable 
phases in Hf-H system 
Pressure, 
GPa 
Stable phases 
100 
     -HfH3 
Amm2-Hf3H13 
I4/mmm-HfH2 
Fmmm-HfH 
300 
C2/m-HfH14 
Cmc21-HfH6 
Fddd-HfH4 
    -HfH 
     -HfH3 
 
Figure 5. Convex hull for Hf-H system at 300 GPa  
 
Hydride  
(Pressure, GPa) 
max TC, K 
[reference] 
BaH6 (100) 38 
2
 
LaH10 (210) 286 
10
 
HfH14 (300) 76 
TaH6 (300) 136 
29
 
Table 7. Predicted binary hydrides with 
 maximal critical temperatures, Period 6.  
 
Figure 6. Function maxTC (Nd) for Period 6.  
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A few comments should be made on the elements of the period 6 of Mendeleev’s table. Firstly, 
the results for BaH6 show an incredibly low TC. As for the remaining alkaline-earth elements, it 
is suggested that in Ba-H system the hydrides with higher TC such as BaH10 and BaH12 should 
exist (see Forecast in the Supporting Information). Also, stability of Fdd2-TaH6 (maxTC = 136 К 
at 300 GPa) phase is in doubt. Zhuang et al. 
29
 performed calculations by ELocR code using a 
limited integer set of compositions TaHn with n = 1-6. But Fdd2-TaH6 at so high pressure may 
be expelled from the convex hull by other phases, in particular, fractional compositions or 
higher, but asymmetrical, polyhydrides. Comparison with surroundings: V-H, Nb-H and Hf-H, 
shows that maxTC(Ta-H) should lie in the range 40-90 К. The form in which the function 
maxTC(Nd) is currently shown in Figure 6, does not fit well the proposed concept of a monotonic 
decrease of maxTc (Nd, f). 
Lanthanides: La - Ce - Pr – Nd – Ho – Er – Lu 
The main interest to lanthanides is due to clarifying the effect of f-electrons on superconductivity 
and composition of their hydrides. Previously, lanthanide hydrides were theoretically studied by 
F. Peng et al. 
30
 from the point of view of formation of clathrate-like shells consisted of H-
atoms. Assuming the stability of REHn (n = 8-10), for RE = Ce, Pr an estimation TC < 56 K at 
100-200 GPa was given for these metals. Our calculations show similar results for P63mc-CeH6 
at 300 GPa (at lower pressures, this hydride is a semiconductor): λ= 0.89, ωlog = 834.5 K, TC = 
51.0 K. F. Peng et al.
30
 expressed the right statement that the transition from light to heavy 
lanthanides leads to decreasing of maxTc. Recent experimental synthesis of CeH9 by N. P. Salke 
et al.
9
 confirms our crystal structure predictions and shows even higher result for P63/mmc-
CeH9: λ= 2.30, ωlog = 740 K, TC = 117 K (μ* = 0.1, as usually). At the same time, P63mc-CeH6 
turned out to be unstable higher 70 GPa. For a more precise clarification of the superconducting 
properties of lanthanide hydrides, we calculated the thermodynamically stable crystalline 
structures of these systems with a full search of the compositions (Table 8).  
Table 8. Predicted superconducting properties of lanthanide hydrides. TC values are given for µ
*
 
equal to 0.1.  
System/Phases Polyhydrides P, GPa λ ωlog, K TC 
(Allen-Dynes), K 
Pr-H 
     -PrH 
Immm-Pr3H10 
     -PrH3 
Fmmm-PrH4 
C2/c-PrH7 
C2/c-PrH7 50 0.72 703 26.8 
Pr-H 
C2/c-PrH7 
      -PrH8 
      -PrH9 
     -PrH8 
  
     -PrH9 
150 
0.65 1078 31.3 
0.49 762 8.7 
Nd-H 
      -NdH 
Amm2-Nd4H7 
      -NdH8 
     -NdH9 
     -NdH8 150 0.44 876 6.1 
Ho-H 
      -HoH 
I4/mmm-HoH4 
I4/mmm-HoH3 
Сс-HoH7 
  -HoH7 
150 
0.78 477 22.6 
I4/mmm-HoH4 0.76 823 36.7 
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System/Phases Polyhydrides P, GPa λ ωlog, K TC 
(Allen-Dynes), K 
Er-H 
    -Er4H 
      -ErH 
Imma-ErH2 
Cmcm-ErH4 
    -ErH6 
     -ErH15 
    -ErH6 
150 
0.27 906 0.15 
     -ErH15 0.72 794 31.5 
Tm-H 
Cmcm-TmH 
P6/mmm-TmH2 
C2/m-TmH3 
I4/mmm-TmH4 
P4/nmm-TmH5* 
      -TmH8 
     -TmH8 150 0.22 832 0.003 
Lu-H 
     -LuH 
     -LuH3 
Cc-LuH7 
C222-LuH12 
Cm-LuH13* 
C222-LuH12 150 0.46 840 6.7 
*Semiconductors at 150 GPa  
 
Results of the calculations show that superconductivity parameters of lanthanide hydrides are 
generally low. Critical temperatures decrease monotonically with consequent filling of f-shell 
from the maximum values belonging to cerium hydrides (Figure 7). The problem of weak 
parameters of the electron-phonon interaction in lanthanide hydrides reduces to low values of the 
function α2(ω) and λ values, which almost completely determine TC, while ωlog varies within 
quite narrow limits.  
   
Figure 7. The monotonically decreasing of the maximum critical temperatures (maxTc) 
achievable in hydrides of light lanthanides and the “secondary” wave of superconductivity in 
heavy lanthanides. 
When passing to heavy lanthanides the appearance of a "secondary" wave of superconducting 
properties in Dy, Ho, Er hydrides should be noted, analogous to "secondary" waves of 
superconductivity observed in 4-6
th
 periods when filling of d-shells (e.g., FeH5-FeH6 
31
, PtH 
32
, 
PdH 
33
, unstable CoH5  
34
). The beginning of the wave can be approximately referred to a right 
9 
 
shift of 1-2 groups from elements with a half-filled d- or f-orbitals (Mn – d5, Mo – d5, Re – d5, Eu 
– f7, Am – f7). For these elements with half-filled shells we do not expect any substantial 
superconductivity in hydrides. 
As it can be seen from Tables S2-S3 (see Supporting Information) the structures peculiar to 
hydrides of d- and f-elements differ significantly. “Pure” d-elements Y, La, Ac, Th tend to form 
cubic hydrides such as XH10 with a closed shell of 32 hydrogen atoms, while addition of 2 or 
more f-electrons leads to cardinal changes and cubic XH8 becomes the leading hydride (at 150 
GPa). The sequential filling of f-shell in a certain range does not affect on the situation, an 
example of which is the series      -PaH8,      -UH8,      -NpH8,      -AmH8. Cerium 
in this sense is an intermediate metal between lanthanum and praseodymium. 
Distinctive for cerium P63mc-CeH6, P63/mmc-CeH9 are similar to hydrides of scandium 
(P63mmc-ScH6, I41md-ScH9), but not to hydrides of neighboring La and Pr. Interestingly, but 
just for Sc the d-orbital appears for the first time, and just for Ce the f-orbital appears for the first 
time. In this sense, both these metals are intermediate and based on this analogy maxТс(CeH9) 
should be greater than maxTc(CeH6) as for ScH6-9 which was confirmed by direct calculations 
9
 
Almost complete analogy between the stable compositions and the crystal structure of 
praseodymium and protactinium hydrides cannot go unmentioned (see Supporting Information, 
Tables S2-S3), despite a certain difference in the electronic structure: 4f 
3
6s
2
(Pr) turns almost 
equivalent to 5f 
2
6d
1
7s
2 
(Pa), thus the use of sum Nd+f  as an argument of the function maxTC is 
justified in this case. Higher TC(Pa-H) > TC(Pr-H) is explained in statistical part of Supporting 
Information: f-electrons suppress the superconductivity more than d-electrons.  
With further movement to the heavy actinides and lanthanides, new effects appear. First of all it 
is necessary to note the unique layered structure of erbium hydride      -ErH15 including 
enneagon (9-membered) rings of hydrogen atoms. The closest analogue of such structures are 
     -XH16, for instance,      -AcH16 
12
, however, enneagon H-rings do not occur in any of 
the previously studied superhydrides. Higher hydrides of lutetium (LuH12, LuH13) already have 
lower symmetry and their properties are close to polyhydrides C2/m-HfH14,    -ZrH16, P21/c-
TiH14. This fact fits into the concept of a smooth change in characteristics of polyhydrides along 
with a number d+f electrons. Lutetium is not an analog of d
1
-elements Sc-Y-La-Ac, despite the 
fact that formally it has one d-electron and the completely filled f-shell, since the d- and f-shells 
are still close in energy. Hydride LuH13 contains molecular fragments and is a semiconductor 
like many other hydrides of heavy lanthanides and actinides. 
Hydrides of such elements as Dy, Ho, Er, Cm have compositions and crystal structures 
uncharacteristic for light lanthanides and, taking into account a certain increase of 
superconducting properties, these hydrides should be referred to the “secondary” wave of 
superconductivity. This wave can help us to understand how to apply the Nd+f model to hydrides 
of p-elements. Ordinarily p-elements have higher electronegativity than hydrogen, so H-atoms 
give away its electrons. The question is how many positions does the central p-atom have to take 
these electrons? If we turn the situation inside out and consider vacancies (marked as “h”) and its 
“lability” instead of electrons, we will see that the situation among the hydrides of p-elements 
follows the distribution of superconducting properties among metal hydrides. In a row Cl(1h)-
Al(5h) maxTC reaches the maximum at 2h and then decreases along with the number of 
vacancies. Halogens play the role of alkali metals, the diagonal rule (see Discussion) also works 
10 
 
(S-As-Sb-Bi|Pb). The optimal number of vacancies (2-3h) guarantees high superconducting 
properties. 
One should also note the influence of relativistic effects on the outer electron shells of 
lanthanides and actinides. The relativistic effects, which lead to an additional decrease in the 
radius of the atom and localization of s-electrons, turn out to be analogous to the effect of an 
external pressure which can partly explain the much earlier stabilization of the polyhydrides of 
lanthanides XH6-XH8 already at 50 GPa (see Supporting Information) and higher hydrides XH12-
XH15 (up to XH20) already at 150 GPa. This effect is more pronounced for a number of heavier 
actinides (e.g., Th and U), but this trend is also accompanied by the loss of metallic properties of 
these hydrides. 
Actinides: Ac - Th - Pa – U – Np – Pu – Am - Cm 
Thus, as it has been shown, an increase in the number of f-electrons adversely affects on 
superconductivity.  Contrasts in this case are Lu with 4f 
14
5d
1
6s
2
 electrons and hafnium, whose f-
shell lies deeper and despite two d-electrons Hf has substantially greater maxTC than LuH12 and 
LuH13. To confirm the rule of decreasing of maxTC with an increase of the number f-electrons 
we investigated the following actinide hydrides Pa-H, Np-H, Am-H, Cm-H in addition to the 
previously studied systems Ac-H 
12
, Th-H 
11
, U-H 
8
 (Table 9).  
Table 9. Predicted superconducting properties of actinide hydrides. TC values are given for µ
*
 
equal to 0.1.  
System/Phases Polyhydrides P, GPa λ ωlog, K 
TC 
(Allen-Dynes), K 
Pa-H 
Pmma-PaH3 
P63mc-PaH5 
P63/mmc PaH7 
P63/mmc-PaH7 50 1.30 428 47.3 
Pa-H 
Fmmm-PaH4 
C2/m-PaH6 
Fm-3m-PaH8 
F-43m-PaH9 
     -PaH8 
 
      -PaH9 
150 
0.87 565.2 33.1 
1.21 627.2 62.7 
Np-H 
    -Np3H 
P1-NpH 
C2/c-Np2H3 
Cmcm-NpH3 
P63/mmc-NpH7 
P63/mmc-NpH7 50 0.50 747.1 9.6 
Np-H 
P63/mmc-NpH 
     -NpH8 
     -NpH8 150 0.29 1149 0.41 
Am-H 
C2/m-Am2H3 
C2/c-AmH2 
C2/m-AmH5 
C2/m-AmH5 50 0.31 477 0.31 
Am-H 
     -AmH8 
     -AmH8 150 0.28 1027 0.28 
Cm-H 
Pnma-CmH2  
P63/mmc-CmH8  
P63/mmc-CmH8 150 0.34 725 0.94 
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System/Phases Polyhydrides P, GPa λ ωlog, K 
TC 
(Allen-Dynes), K 
R3m-Cm2H17  
C2-CmH20
*
 
*Semiconductor  
Thereby, the main idea that critical temperature drops with increasing the number of (d + f)-
electrons is confirmed again on the example of actinide hydrides. This allowed us to correct the 
previously inaccurate calculations of the critical parameters in superconducting uranium 
hydrides 
8
. Recalculation in denser q-mesh (6×6×6) gave the following results: P63/mmc-UH7 at 
20 GPa has λ = 0.83, ωlog = 874 K, Tc = 45.9 K,      -UH8 at 50 GPa has λ = 0.73, 
ωlog = 722.5 K, TC = 27.5 K and finally P63/mmc-UH9 at 300 GPa shows λ = 0.62, ωlog = 802 K, 
TC = 23.5 K (Allen-Dynes, μ* = 0.1). The results of the correction are displayed on Figure 8a.  
  
Figure 8. (a) A monotonically decrease of the maximum critical temperatures (maxTC), 
achievable in actinide hydrides; (b) dependence maxTC-NF in polyhydrides of the metals.  
Analysis of maxTC (NF) dependence for actinides and lanthanides is correct only for 
polyhydrides of equal symmetry at the same pressure. But, even simple diagram in Figure 8b 
clearly points important role of the density of electronic states (see Supporting Information) on 
Fermi level and the existence of some optimal level of electron doping. Degradation of 
superconducting properties for hydrides of Pr, U, Pu, Ti and other metals is a consequence of 
two factors: the deviation of symmetry and the density of electronic states from the optimal 
values. 
Discussion 
Table 10 shows the most important phases found in previously studied systems by the refinement 
rule. For Fr-H and Ra-H systems we added preliminary results.  
Table 10. Parameters of superconductivity of some newly predicted phases. 
Phases P, GPa λ ωlog, K 
TC 
(μ* = 0.1, Allen-Dynes), K 
P21/c-TiH14 200 0.81 1063 54.2 
Immm-KH10 150 1.34 1301 147.7 
C2/m-CaH12 150 2.16 1074 206 
P21/c-ZrH16 200 1.19 852 88 
12 
 
Amm2-Hf3H13 100 1.10 497 43.3 
C2/m-HfH14 300 0.93 1138 75.9 
P4/nmm-FrH7 100 1.08 745 63.5 
C2/m-RaH12 200 1.36 998 116.3 
 
All lanthanides are combined into a single group because of their similar chemical properties, 
valences, coordination numbers, atomic radii, electronegativity and, for light lanthanides, crystal 
structures and compositions of pressure stabilized hydrides. One of the surprising findings of our 
study is an extremely strong dependence of the critical temperature of superconductivity on the 
lanthanide number (Nd+f). The limited valence of the lanthanides in conventional chemical 
compounds is a consequence of f-electrons strong localization. Thus, a strict correlation between 
the superconducting properties of lanthanide and actinide hydrides and d, f-electrons number is 
an unquestionable proof of delocalization of d,f-orbitals under pressure and their participation in 
metal-hydrogen interactions. Despite the same structure of      -PrH8,      -NdH8 and 
     -TmH8, similar primitive cells and seemingly the same stabilization degree of the metallic 
hydrogen sublattice, they have absolutely different λ, TC and NF (47.6, 81.6 and 21.5 
states/Ry/f.u respectively).  The only way these metals (Pr, Nd, Tm, …) can affect H-sublattice’s 
properties is allocation of the electron density the level of which is determined by d,f-electrons 
delocalized at high pressure.  
  
Figure 9. The distribution diagram of max Тс(X-H, P) for superconducting metal hydrides in the 
left part of the Mendeleev’s table.  
The analysis of dependence of maxTC on the number of electrons on external orbitals (Figure 9) 
shows that almost all high-TC superconducting (HTSC) hydrides are concentrated in d
0
, d
1
-belts 
of metals, while other metals are almost unpromising in the respect of search for hydride high-
temperature superconductivity. For instance, the calculations of stable phases of some interesting 
metal-hydrogen systems from the vertical edge of d-elements, namely, Hg-H, Cu-H showed a 
total lack of polyhydrides.  
 
As it can be seen in Figure 9, the maximum calculated Тс is reached in the 5th period and 
decreases in both directions along the crest of “HTSC-spine” as the period number reduces or 
increases. We marked a promising zone Cs-Fr-Ba-Ra where new HTSC phases like XH9-12 with 
Тс in the range of 100-200 К at 150-200 GPa are expected to occur. These elements belonging to 
d-belt of superconductivity (s-d boundary
12
) are similar to K, Ca, Sr which provide HTSC 
hydrides with the indicated compositions and, in addition, are adjacent to the group of La-Ac-Th 
13 
 
that forms hydrides of the mentioned compositions with good SC properties as well. The 
anomaly of tantalum Fdd2-TaH6 (136 К) which may be caused by an error in calculations 
29
 is 
shown in Figure 9.  
 
 
Figure 10. (a) Maximum critical temperatures (K) for a given n (by Allen-Dynes). The 
calculated points are approximated by parabolas in all cases; (b) the dependence of the 
maximum TC on the pressure for the best known hydride systems. 
In the discussion of dependence of maxTC(n) for XHn on a number of examples of d
0
,d
1
-metal 
hydrides (Figure 10a), first of all, it should be mentioned that the maximal value is achieved in 
compositions with n = 8…12, most likely for n = 10. It corresponds to a number of accepted 
electrons of 0.3e for s
2
d
1 
elements, 0.33e - for Ca(s
2
), 0.28-0.33e for Ti-Zr-Hf (s
2
d
2
) per H-
atom
30
. This rule works s
1
 alkali metals (e.g. K with KH10) only if we take into account 
potassium’s electronegativity. In other words, metals serve as donors of electron density for the 
metallic hydrogen sublattice in polyhydrides. And there is a definite optimal level of electronic 
doping (for ScH9-YH10-LaH10-AcH10  NF  it is 10-12 states/Ry/cell or ~1 states/Ry/H-atom at 250 
GPa) the deviation from which results in a sharp reduction of superconducting properties (see 
Supporting Information).  
 
At assessment of the maxTC, special attention should be drawn to XH8-12 compositions. With 
further growth of n (> 20), the effect of metal center complexation becomes insignificant and we 
turn to the ultimate case of the almost pure hydrogen that will not transit to the superconducting 
state until 400-500 GPa. We do not expect emergence of significant superconductivity in the 
region of intermediate pressures and compositions.  
 
As it can be seen from Figure 10a, hydride superconductivity starts emerging in XH4-5 
compositions. But for alkaline earth metals, in particular for calcium, an anomalous situation is 
observed. These metals have the maximum critical temperatures for XH6 composition, which, 
combined with higher superconducting CaH12, CaH18 hydrides, leads to intersection of the 
extrapolating parabola and the axis n = 0 at relatively high Тс. This can be considered as a sign 
of anomalous superconductivity of metallic calcium (and other alkaline-earth metals) under 
pressure (29 K at 216 GPa for Ca
35
, 8 K for Sr 
36
). We predict that more detailed calculations 
will show the existence of higher superconducting magnesium, strontium, and barium hydrides 
with n > 12 and measurements at higher pressures (250-300 GPa) in pure alkaline earth metals 
may give higher critical temperatures (see Forecast, Supporting Information).  
14 
 
 
Figure 10b shows maxTC(P) dependence for the best studied systems. The diagram proves that 
the expected critical temperature increases with the pressure rise, probably reaches its maximum 
at 200-250 GPa, and then reduces. At zero pressure, ТC decreases below 150 K too. Thus, 
attainment of Tc > 200 K in hydrides requires pressures in the range of 100-250 GPa. maxTC (P) 
function is determined by stability of hydrides, not their electron-phonon interaction properties. 
It should be noted the anomaly of      -CaH6 position which formation probably should be 
attributed to much higher pressures and placed together with Mg, Sr, or it has lower ТC.  
 
Figure 11. The diagonal character of the distribution of superconducting hydrides. The arrow 
shows the direction of decreasing of external pressure required to stabilize superhydrides. 
 
The geometry of superconducting metal hydride distribution in d
1
-band has a horizontal slope 
too (Figure 11) if we consider the alkaline earth elements (Ca, Mg) as well as Th, which has 
hydride ThH10 with calculated ТC up to 221 К
11
. So there is a kind of a "diagonal effect", i.e. 
deviation of superconductivity d-belt from the vertical. This phenomenon can be explained by 
relativistic effects and localization of s-orbital exiting the interaction with hydrogen. The place 
of s-electrons in the interaction becomes free and can be filled with an additional d-electron (d
1
-
belt → d2-belt). Analysis of this effect should be supplemented by some results for the s-p butt 
elements of II-III periods: for lithium (s
1
p
0
) the maximum TC(LiH8) = 84 K is predicted at the 
pressure of 300 GPa 
37
, for beryllium (s
2
p
0
) P4/nmm-BeH2 has maxTC = 97 K at 365 GPa 
38
.  
 
Finally, we would like to repeat that increase of the period number leads to increase of 
“availability” (in the point of pressure) of superconductivity in Sc-Y-La-Ac-Th series together 
with “availability” of polyhydrides, so that XH6-XH8 can remain stable at atmospheric pressure 
for radioactive band elements with N > 90. Thus, the most pronounced superconducting 
properties should be expected for hydrides of elements lying in transition zones at junctions of 
the orbitals (s-p, s-d, p-d, d-f), at junction of radioactive elements (Y-La||Ac-Th), at the limit of 
dynamical stabilization under pressure (for Th-H – at 80 GPa), and in other instability zones. 
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Conclusions 
In the present paper, we solved the problem of finding the most promising superconducting 
metal polyhydrides. Only 10% of metals form polyhydrides with sufficiently pronounced 
superconductivity. None of the metals in Pa-Cm and Pr-Lu series have high-TC hydrides with Tc 
> 120 K. Similarly, there are no hydrides with high critical temperatures in series of sequential 
filling of d-shell: W-Hg, Mo-Cd, Cr-Zn; therefore, the search for HTSC hydrides in this area is 
unpromising. Elements preceding 4d, 5d-shells (Cs, Rb, Sr, Ba) will almost certainly form 
superconductive polyhydrides. We would like to draw up the main conclusions in the form of 
rules:  
Rule 1. Most of the high-temperature superconducting metal hydrides are concentrated in the d
0
, 
d
1
-belts of the Mendeleev’s Table among metals with the minimum number of d, f-electrons. 
Hydride-forming metals for high-TC hydrides are: Sc-Y-La-Ac (d
1
-belt), Mg-Ca-Sr-Ba-Ra (d
0
-
belt) and Th (s
2
d
2
).   
 
Rule 2. Superconducting properties of hydrides become less and less pronounced as the number 
of d, f-electrons grows. In particular, the critical temperatures of lanthanide and actinide hydrides 
decrease almost monotonically with increase of f-electrons number.  
 
Rule 3. XH10±2 compositions stabilized by pressure around 200-250 GPa, which corresponds to 
donation of ⅓ of electrons per hydrogen or into the metallic hydrogen sublattice (or, in other 
words, NF  is 10-12 states/Ry/cell or ~1 states/Ry/H-atom) are optimal for superconductivity 
hydrogen content. If the composition and the level of electron doping deviate from the optimal 
one in both directions, superconductivity parameters reduce.  
Rule 4. Increase of the period number and transition to lanthanides and actinides lead to 
enhanced stabilization of polyhydrides requiring ever less and less compressions. For actinides, 
the pressure of 50 GPa is enough to stabilize polyhydrides, like XH7.   
 
Rule 5. Correction rule for already known results which is based on maxTC(Nd+f) function 
smoothness is proposed. Using this idea, the errors in early calculations of K-H, Zr-H, Hf-H, and 
Ti-H systems which proved to be rich in polyhydrides with high superconductivity parameters 
have been corrected.  
More precise calculations and account of anharmonic effects may change the maxTC values, but 
not the general trend.  
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Methods 
Evolutionary algorithm USPEX 
17–19
 is a powerful tool for predicting thermodynamically stable 
compounds of given elements at a given pressure. We performed variable-composition searches 
of MxHy phases (M = K, Ca, Zr, Hf, Pr, Nd, Ho, Er, Tm, Lu, Pa, Np, Am, Cm) at pressures 50, 
150, 250 and 300 GPa. The first generation (120 structures) was created using random 
symmetric generator, while all subsequent generations contained 20% random structures, and 
80% created using heredity, softmutation and transmutation operators. Here, evolutionary 
searches were combined with structure relaxations using density functional theory (DFT)
39,40
 
within the generalized gradient approximation (Perdew-Burke-Ernzerhof functional)
20
, and the 
projector augmented wave method
41,42
 as implemented in the VASP code
43–45
. Plane wave 
kinetic energy cutoff was set to 600 eV and the Brillouin zone was sampled using Γ-centered k-
points meshes with resolution 2π×0.05 Å−1. Stable structures of elemental metals and H were 
taken from USPEX calculations. 
 
Calculations of superconducting parameters were carried out using QUANTUM ESPRESSO 
(QE) package
46
. Phonon frequencies and electron-phonon coupling (EPC) coefficients were 
computed using density-functional perturbation theory
47
, employing plane-wave pseudopotential 
method and Perdew-Burke-Ernzerhof exchange-correlation functional
20
. The 3s
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7
 electrons of K, Ca, Zr, Hf, Pr, Nd, Ho, Er, Tm, Lu, Pa, 
Np, Am, Cm were treated explicitly. Convergence tests showed that 80 Ry is a suitable kinetic 
energy cutoff for the plane wave basis set.  
 
In our ab initio calculations of the electron-phonon coupling (EPC) parameter λ, the first 
Brillouin zone was sampled using 2×2×2 and 4×4×4 q-points meshes, and denser 16×16×16 and 
24×24×24 k-points meshes. The superconducting transition temperature TC was also estimated 
by using two equations: "full" – Allen-Dynes and "short" – modified McMillan equation48. The 
“full” Allen-Dynes equation for calculating TC has the following form
48
: 
       
    
   
    
          
            
   (1) 
with 
     
    
 
             
 
 
 
 
 
   
             
                  
   (2) 
while the modified McMillan equation has the form but with f1f2 = 1. The EPC constant λ, 
logarithmic average frequency ωlog and mean square frequency ω2 were calculated as: 
   
        
 
  
    
    
  (3) 
and  
         
 
 
 
  
 
           
    
    
      
 
 
  
       
 
     
    
 
 (4) 
and µ  is the Coulomb pseudopotential, for which we used widely accepted lower and upper 
bound values of 0.10. 
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Supporting Information 
 
Crystal data, convex hulls, Eliashberg functions, forecast list and statistical data for studied metal 
polyhydrides are included in Supporting Information.  
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Thermodynamic and structural data for novel predicted metal polyhydrides 
 
Figure S1. Convex Hulls and structures of higher potassium polyhydrides. 
 
Figure S2. Convex Hulls and structures of higher francium polyhydrides.  
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Figure S3. Convex Hulls and structures of higher calcium polyhydrides. 
 
Figure S4. Convex Hulls and structures of higher zirconium polyhydrides. 
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Figure S5. Convex Hulls and structures of higher hafnium polyhydrides. 
 
Figure S6. Convex Hulls and structures of higher cerium polyhydrides. 
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Figure S7. Convex Hulls and structures of higher praseodymium polyhydrides. 
 
Figure S8. Convex Hulls and structures of higher neodymium polyhydrides. 
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Figure S9. Convex Hulls and structures of higher dysprosium polyhydrides. Hydrogen sublattice in DyH4 with  
d(H-H) = 1.5 Å is shown on (e) Figure. 
Figure S10. Convex Hulls and structures of higher holmium polyhydrides. 
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Figure S11. Convex Hulls and structures of higher erbium polyhydrides. Layered character of ErH15 is shown on 
Figure c), d). The coordination sphere of Er atoms includes 6 H2 molecules and two enneagons H9 (Figure e).  
 
 
Figure S12. Convex Hulls and structures of higher thulium polyhydrides. 
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Figure S13. Convex Hulls and structures of higher lutetium polyhydrides, including two metastable structures LuH12, 
LuH13. 
Figure S14. Convex Hulls and structures of higher protactinium polyhydrides. 
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Figure S15. Convex Hulls and structures of higher neptunium polyhydrides. 
 
Figure S16. Convex Hulls and structures of higher americium polyhydrides. 
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Table S2. Structural leitmotifs of higher actinide hydrides stable at 150 GPa. 
 
  
Ac, 7s
2
6d
1
 Th, 6s
2
6d
2
 Pa, 7s
2
6d
1
5f
2
 U, 7s
2
6d
1
5f
3
 Np, 7s
2
6d
1
5f
4
 Am, 7s
2
5f
7
 Сm, 7s26d15f7 
P6/mmm -AcH2 
 Cmcm -AcH3 
 Cmmm-Ac3H10 
P-1-AcH5 
C2/m-AcH8 
     -AcH10 
      -AcH16 
  
AcH10 
 
AcH16 
I4/mmm-ThH4  
P21/c-ThH7 
      -ThH10 
 
ThH10 
 
  
Fmmm-PaH4 
C2/m-PaH6 
     -PaH8 
     -PaH9 
 
 
P63/mmc-UH  
      -UH8  
 
UH8 
 
P63/mmc-NpH 
     -NpH8 
 
NpH8 
 
 
     -AmH8 
 
AmH8 
 
Pnma-CmH2  
P63/mmc-CmH8  
R3m-Cm2H17  
C2-CmH20 
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Table S3. Structural leitmotifs of higher lanthanide hydrides stable at 150 GPa. 
 
La, 6s
2
5d
1
 Ce, 6s
2
4f
2
 Pr, 6s
2
4f
3
 Nd, 6s
2
4f
4
 Dy, 6s
2
4f
10
 Ho, 6s
2
4f
11
 Er, 6s
2
4f
12
 Tm, 6s
2
4f
13
 Lu, 6s
2
4f
14
5d
1
 
P6/mmm -LaH2 
P1-LaH3 
Cmmm-La3H10 
I4/mmm-LaH4 
    -LaH5 
     -LaH10 
     -LaH16 
 
LaH10 
 
I4/mmm-CeH4 
P63/mmc-CeH9 
 
 
CeH9 
 
C2/c-PrH7 
     -PrH8 
     -PrH9 
 
PrH8 
 
      -NdH 
Amm2-Nd4H7 
      -NdH8 
     -NdH9 
 
 
     -DyH 
Pnma-DyH3 
I4/mmm-DyH4 
Cc-DyH7 
 
     -HoH 
I4/mmm-HoH3 
I4/mmm-HoH4 
 Cc-HoH7 
 
 
R3-c-Er4H 
 Pm3-m-ErH 
Imma-ErH2 
Cmcm-ErH4 
     -ErH6 
     -ErH15 
 
 
Cmcm-TmH 
 P6/mmm-TmH2 
C2/m-TmH3 
I4/mmm-TmH4 
 P4/nmm-TmH5 
     -TmH8 
 
  
     -LuH 
     -LuH3 
Cc-LuH7 
C222-LuH12 
Cm-LuH13 
 
 
 
- S20 - 
 
Forecast  
Table S4. Forecast sheet.  
System X-H Forecast 
Mg - H Existence of MgHn, with n > 12, for instance, MgH12, MgH14, MgH18 
Sr - H Existence of SrHn, with n > 12, for instance, SrH12, SrH14, SrH18 
Ba - H Recalculation of the system is required; ТC up to 100-150 K is expected.  
Existence of BaHn,  with n > 12, e.g., BaH12, BaH14, BaH18 is expected 
Sr, Mg, Ba Increasing of ТC in pure metals under 250-300 GPa pressure (up to 15-20 
К) 
Hydrides of Cs-Fr-Ba-Ra The emergence of new HTSC phases like XH10-12 with ТC in the range 100-
200 К at 150-200 GPa should be expected 
Nb-H The emergence of higher hydrides with compositions NbH6-9 with ТC from 
50 to 110 К at 150-250 GPa should be expected 
CaH6 Probably refers to much higher pressures: 250-300 GPa (as well as MgH6, 
SrH6) 
Ta-H In order to explain stability and properties of anomalous Fdd2-TaH6 the 
recalculation of Ta-H system is required. 
Na-H Since it lies close to MgH6, CaH6, there should be hydrides with a critical 
temperature ТC ~ 60 -120 К 
Rb-H Early formation of super hydrides with n = 6, 10, 12, their reduced SC 
properties, ТC ~ 30-100 К 
Tl-H New polyhydrides with TC ~ 40- 100 K are expected 
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Statistics of superconducting hydrides 
 
Figure S26. Mendeleevs’ table with already investigated binary hydrides XHn , where the numbers are maximum calculated ТC. The data were taken from 
references of the main text and from [1-5].   
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Table S5. Statistical analysis of the influence of number of s, d, f-electrons on maxTC function of metal 
hydrides.    
Element Ns Nd Nf 
Total 
(d+f) 
max TC , K Eq. 1, K Eq. 2, K 
K 1 0 0 0 148 197.6 208.85 
Ca 2 0 0 0 235 235.2 261.1 
Sc 2 1 0 1 169 194 199.74 
Ti 2 2 0 2 54 152.8 147.66 
Y 2 1 0 1 323 194 199.74 
Zr 2 2 0 2 88 152.8 147.66 
Nb 1 4 0 4 38 32.8 19.09 
La 2 1 0 1 286 194 199.74 
Hf 2 2 0 2 66 152.8 147.66 
Ce 2 1 1 2 117 138.5 122.46 
Pr 2 0 3 3 31 68.7 35.5 
Nd 2 0 4 4 6 13.2 2.7 
Ac 2 1 0 1 251 194 199.74 
Th 2 2 0 2 221 152.8 147.66 
Pa 2 1 2 3 63 83 66.38 
U 2 1 3 4 46 27.5 31.5 
Np 2 1 4 5 10 -28 17.82 
V 2 3 0 3 71 111.6 104.86 
Cr 1 5 0 5 37 -8.4 -5.15 
Tc 2 5 0 5 11 29.2 47.1 
Ta 2 3 0 3 136 111.6 104.86 
Correlation 
with maxTc 
0.173 -0.334 -0.504 -0.78 - 0.807 0.8245 
 
Equations that were used to approximate the data from Table S5: 
)1.(5.552.416.37160 eqNNNT fdsC   
)2.(2.196.1064.41076625.526.156
22
eqNNNNNNNT fdfdfdsC   
The replacement of a linear equation by a quadratic form (eq.2) does not lead to a significant increase in the 
accuracy. The error is caused by the influence of the period number, but in this paper we focus our attention 
only on the group number.  
Correlation with maxTC was calculated according to standard formula: 





22 )max)((max))((
)max)((max))((
CC
CC
TiTXiX
TiTXiX
r  
Statistical analysis shows that the effect of s-electrons on superconductivity is positive, but small. However, 
only 3 examples of comparisons s
1
-s
2
 were included in the statistics, as a result, the importance of s-orbitals 
can be clarified only after detailed investigation of all alkaline and alkaline-earth metal hydrides. Influence 
of d- and f-electrons on superconductivity is negative and more pronounced for f-electrons. The explicit 
negative correlation (-0.75) between maxTC and the total number of electrons confirms the ideas expressed 
in the paper about influence of filling of outer electron shells on superconductivity.  
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Electron density of states on Fermi level 
 
Table S6. Density of electron states on Fermi level of polyhydrides.    
Polyhydride NH Ne 
Pressure, 
GPa 
ТC, К 
DOS, 
states/Ry/f.u. 
 
Figure 
CaH6 6 2 150 225 11,4 - 
H3S 3 6  204 8,0 - 
YH10 10 3 250 326 12,5 - 
LaH10 10 3 250 286 10,0 - 
ThH10 10 3 250 221 6,9 - 
AcH10 10 3 250 251 10,7 - 
KH10 10 1 150 148 5,44 
 
KH12 12 1 150 117 5,44 
 
PrH8 8 5 150 31 47,6 
 
PrH7 7 5 50 27 217,6 
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NdH8 8 6 50 6 81,6 
 
NdH7 7 6 50 6 102 
 
PuH8 8 8 50 8,2 340 
 
UH8 8 6 50 27,5 54,4 
 
FeH6 6 8 150 43 6,46 
 
FeH5 5 8 150 46 1,8 
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ErH15 15 14 150 31,5 3,81 
 
TmH8 8 15 150 1 21,5 
 
CeH9 9 4 150 117 9.63 
 
TiH14 14 4 200 54 11,83 - 
CmH5 5 10 50 1 111,04 - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- S26 - 
 
References 
[1] Semenok, D. V.; Kvashnin, A. G.; Kruglov, I. A.; Oganov, A. R. Actinium Hydrides AcH10, AcH12, and 
AcH16 as High-Temperature Conventional Superconductors. J. Phys. Chem. Lett. 2018, 1920–1926. 
[2] Qinyan Gu, Pengchao Lu, Kang Xia, Jian Sun, and Dingyu Xing. High-temperature superconducting 
phase of HBr under pressure predicted by first-principles calculations. Phys. Rev. B, 96, 064517, 2017. 
[3] D. A. Papaconstantopoulos, M. J. Mehl, H. Liu. Stability and high-temperature superconductivity in 
hydrogenated chlorine. Quantum Studies: Mathematics and Foundations, 5 (1), 2018, pp 23–33. 
[4] Xiaoqiu Ye, Niloofar Zarifi, Eva Zurek, Roald Hoffmann, and N. W. Ashcroft. High Hydrides of 
Scandium under Pressure: Potential Superconductors. J. Phys. Chem. C, 122 (11), 2018, pp 6298–6309.  
[5] Mengnan Wang,   Jack Binns, Mary-Ellen Donnelly, Miriam Peña-Alvarez, Philip Dalladay-Simpson, 
and Ross T. Howie. High pressure synthesis and stability of cobalt hydrides. The Journal of Chemical 
Physics 148, 144310, 2018. 
[6] Xiaofeng Li and Feng Peng. Superconductivity of Pressure-Stabilized Vanadium Hydrides. Inorg. 
Chem., 56 (22), 2017, pp 13759–13.
